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[571 ABSTRACT '

A channel assignment system for allowing a plurality of
nodes in a loop network, which includes a network
control nodes, to hold a duplex communication by time
division circuit switching. The network control node is
provided with a channel rearrange device. Channels the
number of which is smaller than that of the nodes by
one are used and, in order that the nodes may be ac-
cessed as if they had individual exclusive channels, the
channels are logically shifted for rearrangement by the
channel rearrange device after each round through the
loop. Further, each of the nodes on the loop is provided
with a channel rearrange device. Channels the number
of which 1s smaller than that of the nodes are used and,
in order that the nodes may be accessed as if they had
individual exclusive channels, the channels are logically
shifted for rearrangement by the channel rearrange

- device of each node at each time of data transmission

and reception.

3 Claims, 35 Drawing Sheets
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1
CHANNEL ASSIGNMENT SYSTEM FOR LOOP
- NETWORK

BACKGROUND OF THE INVENTION

The present invention relates to a channel asmgnment
- system for a loop network, particularly a loop network
having a network control node, which allows a plural-
ity of nodes to hold a duplex communication therebe-
tween by time division circuit switching.

‘A channel assignment system applicable to duplex

communication which is effected between a plurality of

nodes in a loop network by time division circuit switch-
- ing 1s described in, for example, “DATA AND COM-
PUTER COMMUNICATIONS” written by William
Stallings (published by Macmillan), pp. 307-311 and
339-342. An example of such a system is shown in
FIGS. 1-3. | -
Referring to FIG. 1, a prior art channel assignment
system is shown which comprises a network control
node, or center node, 100 and nodes 102-110. The net-
work control node 100 and the nodes 102-110 are inter-
connected by a transmission path 111 to complete a
- loop network. The control node 100 inciudes a demand
assign device 101 adapted to assign idle channels re-
sponsive to a communication request which may be sent
thereto from any of the nodes 102-110. A frame with an
exemplary channel arrangement is shown in FIG. 2. As
shown, the frame includes an overhead 200 consisting
of several bits and used for loop synchronization and
frame synchronization purposes. The frame also in-
cludes channels 201-207. Generally, concerning circuit
switching in a loop type network, a plurality of chan-

nels are set up in bits or bytes on a time division basis

- along a time base 208. In the illustrated example, the
frame comprises the seven channels 201-207 and the

- overhead 200.

In FIG. 1, let the nodes 103, 104, 107 and 110 be
called nodes A, B, C and D, respectively, and assume
that all these nodes A-D ae capable of performing mul-
ti-station duplex communication. Then, as shown in
FIG. 3, four idle channels are secured and assigned one
to each of the nodes A-D. In this particular example, a
channel 1 designated by the reference numeral 301 is
assigned to the node A, a channel 2 designated by the
reference numeral 302 to the node B, a channel 5 desig-
nated by the reference numeral 305 to the node C, and
a channel 6 designated by the reference numeral 306 to

the node D. Each of the nodes A-D reads pieces of

information. from the other three nodes through an
exclusive read channel, while sending information to
the other nodes on an exclusive write channel of its
OWIL. | |

The prior art channel assignment system as described
above has the following problem. For N nodes on the
loop network to hold a duplex communication therebe-
tween, 1t 1s necessary to secure N idle channels. How-
ever, con51der1ng the topology particular to a loop,
information is sequentially routed through the nodes

according to a predetermined transmission direction of 60

the loop, so that information transmitted from a certain
- node 1s practically valueless while it is returned from

the last node in the loop, as viewed from the transmitted
node, to the transmitted node. For example, in the case

- 4,879,714
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Such significantly limits the available transmission ca-
pacity of a loop network.

SUMMARY OF THE INVENTION

It 1s therefore an object of the present invention to
provide a channel assignment system for a loop network

-~ which minimizes the number of channels necessary for
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multi-station duplex communication between a plurality -
of nodes, which is effected on a time division circuit
sw1tch1ng basis. -

It 1s another object of the present invention to pro-
vide a generally improved channel assignment system
for a loop network. | | |

In accordance with one aspect of the present inven-
tion, there is provided a system for assigning channels
for multi-station duplex communication having nodes
which belong to a loop network communicating there-
between by time division circuit switching, comprising
a network control node located on a loop of the loop
network and provided with a channel rearrange device
for controlling the channel assignment, and a plurality
of nodes located on the loop of the loop network for
performing the multi-station duplex communication.
The channel rearrange device is constructed to use
channels which are smaller in number than the nodes by
one and rearrange the channels used by logically shift-
ing the channels after every round through the loop.

In accordance with another aspect of the present
invention, there is provided a system for assigning chan-
nels for muiti-station duOplex communication having

- nodes which belong to a loop network communicating

35
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therebetween by time division circuit switching, com-
prising a center node located on a loop of the loop
network, and a plurality of nodes distributed on the
loop of the loop network for performing the multi-sta-
tion duplex communication. Each of the nodes is pro-
vided with a channel rearrange device for controlling
the channel assignment. Each of the channel rearrange
device 1s constructed to use channels which are smaller
in number than the nodes by one and rearrange the
channels used by logically shifting the channels at each
time of data transmission and reception at the node,
thereby fixing channels which are to be used by each of
the nodes.

In accordance with yet another aspect of the inven-
tion, there is described a multi-station duplex communi-
cation network comprising a plurality of nodes and a
network control node. The plurality of nodes are con-
nected in series with one another in a single loop in a
unidirectional time division switching communication
system. The network control node is connected in the
single loop. The network control node includes means
for rearranging channel assignments by logically shift-
ing the channels after every round through the single

- loop. Moreover, the channel assignment rearranging
means 1S operative for rearranging channel assignments

on a number, n, of channels smaller in number than a
number, N, of nodes communicating with each other
such that n=N—1, where n and N are integers.

The above and other objects, features and advantages
of the present invention will become more apparent

- from the following detailed description taken with the

of digital picture transmission which needs a data rate of 65

the order of 100 Mbps, meaningless information is unde-
sirably propagated through the loop at the rate of 100

Mbps between the last node and the transmitted node.

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram representative of a
prior art channel assignment system for a loop network:



4,879,714

3

FIG. 2 shows channels arranged in accordance with
the prior art system of FIG. 1;

FIG. 3 shows exemplary channels assigned in accor-
dance with the system of FIG. 1;

FIG. 4 is a schematic diagram representative of a
channel assignment system embodying the present in-
vention;

FI1GS. SA-SF show examples of channels which are
assigned in accordance with the system of FIG. 4:

FIG. 6 1s a block diagram showing a specific con-
struction of a network control node which is included in
the system of FIG. 4; |

F1G. 7 shows in a sequence diagram a call set-up and
a call cancel procedures in accordance with the system
of FIG. 4;

F1G. 8 1s a block diagram showing a specific con-
struction of each of the nodes which are included in the
system of FIG. 4;

FIG. 9 1s a diagram showing a specific construction
of a transmission gate which is shown in FIG. 8;

FIG. 10 1s a flowchart representative of a specific
algorithm of a call set-up request processing in accor-
dance with the system of FIG. 4:

FIGS. 11 and 12 show flows of signals between the
network control node and the nodes which are associ-
ated with the algorithm of FIG. 10:

FIG. 13 is a schematic diagram showing another

embodiment of the present invention; and
FIGS. 14A-14E show examples of channels assigned
mn accordance with the system of FIG. 13.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

While the channel assignment system for a loop net-
work of the present invention is susceptible of numerous
physical embodiments, depending upon the environ-
ment and requirements of use, substantial numbers of
the herein shown and described embodiments have been
made, tested and used, and all have performed in an
eminently satisfactory manner. |

Referring to FIG. 4 of the drawings, a channel assign-
‘ment system in accordance with the present invention is
shown and comprises a network control node 400 and
nodes 402-410. The network control node 400 is pro-
vided with a channel rearrange device 401. The net-
work control node 400 and the nodes 402-410 are inter-
connected by a transmission path 411 to complete a
loop network. The number of channels is smaller by one
than the number of nodes which are in use for duplex
communication. The network control node 400 restores
the channel arrangement in which the channels have
changed place with each other after each round
through the loop to the original arrangement and, then,
sends the restored channel arrangement to the loop.

In FIG. 4, let the nodes 403, 404, 407 and 410 be
- called nodes A, B, C and D, respectively. The channel
assignment system will be described in relation to multi-
station duplex communication which is effected be-
tween the four nodes A-D by time division circuit
switching.

Assume that information is transmitted counterclock-
wise through the loop as viewed in FIG. 4, and that all
the four nodes A-D are to hold a duplex communica-
tion therebetween. Before the communication, the net-
work control node 400 secures three idle channels and
informs each of the nodes A-D of which channel the
node may use and to which channels the other three
Informations to be received by the node have been as-

10

13

20

23
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signed, based on the positional relationship between the
nodes A-D. A specific example of such channel assign-
ment 1s shown in FIGS. 5A-5F. In FIG. 5A, there are
shown an overhead 500, a channel 1 designated by the
reference numeral 501, a channel 2 designated by the

reference numeral 502, a channel 3 designated by the
reference numeral 503, a channel 4 designated by the

reference numerals 504, a channel 5 designated by the
reference numeral 505, a channel 6 designated by the
reference numeral 506, and a channel 7 designated by
the reference numeral 507.

Responsive to a request from the group of the nodes
A, B, C and D, the network conirol node 400 secures
three idle channels which, in this particular example,
are assumed to be the channels 2, 5 and 6. The network
control node 400 informs the node A of the fact that the
channels 2, 5 and 6 store pieces of information which
are transmitted from the other nodes B, C and D, re-
spectively, and the fact that after reading that informa-
tion the node A may write its own information in the
channel 2. Likewise, the network control node 400
informs the node B of the fact that the channels 2, 5 and
6 store pieces of information which are transmitted
from the nodes A, C and D, respectively, and the fact
that after reading that information the node B may write

~ 1ts own information in the channel 5. Further, the net-
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work control node 400 informs the node C of the fact
that the channels 2, 5 and 6 store pieces information
which are transmitted from the nodes A, B and D,
respectively, and the fact that after reading that infor-
mation the node C may write its own information in the
channel 6; and the node D of the fact that the channels
2, 3 and 6 store pieces of information from the nodes A,
B and C, and the fact that after reading that information
the node D may write its own information in the chan-
nel 2.

After each duplex communication link has been set
up by the above procedure, the system enters into an
actual communication mode. After the start of a com-
munication, the channels are used at each node as
shown in FIGS. 5B-5E. In FIGS. 5B-5E, write lines
into the respective nodes A-D are designated by the
reference numerals 508, 510, 512 and 514, and write
lines from the same by the reference numerals 509, 511,
513 and 515.

It will be seen from the foregoing description taken
with FIGS. §B-5E that the node A deletes the informa-
tion from the node B by writing its own information
into the channel 2 and, likewise, the other nodes B, C
and D deletes respectively the information from the
nodes C, D and A by writing their own informations.
This is practicable due to the topology of a loop. Specif-
ically, concerning the node A, since the information
from the node B has been read by the nodes C and D
before reaching the node A, that is, since the node A is
the last node to read the information from the node B,
the node A is allowed to write its own information in
the channel 2 after reading the information from the
node B. The same holds true with the other nodes B, C
and D.

The channel rearrange device 401 which is installed
in the network control node 400 functions to rearrange
the channels before the informations are fed again to the
node A after making one round through the nodes A, B,
C and D. The channel rearrangement is shown in FIG.
SF. After propagation through the node D, the channel
2 has stored the information associated with the channel
D, the channel 5 the information associated with the
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“channel B, and the channel 6 the information associated

with the channel C, as previously stated. As indicated
by the reference numerals 516-518 in FIG. SF, the

channel rearrangement is such that the node D informa-

tion is shifted from the channel 6 to the channel §, the

- node C information from the channel 6 to the channel 5,

6

Referring to FIG. 7, an example of a call set-up pro-

‘cedure and that of a call cancel procedure are shown. In

- these particular examples, the node A out of all the

5

nodes in the embodiment of FIGS. 4 and 5 is assumed to

be a calling station by way of example. In FIG. 7,

- STEPS (1), (3), (5) and (7) represent notification of link

~and the node B information from the channel 5 to the

channel 2.

Where the channels are of the bit: multlplex type, the
rearrangement described above can be accomplished
- simply by logically shifting the channels 2, 5 and 6 one
bit round. Such an operation does not depend upon the
number of communication nodes. The channel rear-

set-up information, STEPS (2), (4), (6) and (8) acknowl-
edgement (ACK) responsive to the link set-up informa-

" tion, STEPS (1), (3)' and (5)' notification of link cancel

10

range device 401 may readily be implemented using a

random access memory. If the channel rearrange device

401 is absent, the order of the channels sent will have
- been changed at the second round through the nodes A,
B, C and D. Specifically, as shown in FIG. 5E, the
channel 2 coming out from the node D stores the node
- D information, the channel 5 the node B information,
and the channel 6 the node C information; should such
channels be transmitted to the node A, the information
stored therein would not be recogmzed at node A, thus
preventing communication. |

The prerequisite with each node in time division
circuit switching is that the write channel and the read
channel be fixed, as the network control node 400 in-

- forms each node before the start of a communication as

described above. In accordance with the present inven-
tton, the channel rearrange device 401 built in the net-
work control node 400 makes it possible to fix the chan-
nels at each of the nodes, even though the number of
channels available for communications is smaller than
- that of communication nodes by one.
- Specific constructions and operations of the network
control node 400, channel rearrange device 401 and

-nodes 402-410 will be described with reference to

FIGS. 6-12.

Referring to FIG. 6, a specific construction of the
network control node 400 is shown. The node 400 com-
prises the channel rearrange device 401, indicated by a
‘phantom block, and a control unit 412 for controlling
the device 401. Functions assigned to the control unit
412 are processing various commands from the nodes
402-410 such as a call set-up and a call cancel requests,
assigning channels and informing the nodes of the as-
signed channels, controlling channel rearrangement,
and others. The channel rearrange device 401, on the
other hand, comprises a demultiplexer (DEMUX) 602,
an nXn (n being the number of channels) matrix switch
604, and a multiplexer (MUX) 606. Data coming in from
a transmission path 608 are applied to the DEMUX 602
so that the respective channels are developed in paral-

lel. The outputs of the DEMUX 602 are routed through

the matrix xwitch 604 to the MUX 606 to be converted

to a serial sequence, which is then fed out to a transmis-
sion line 610.
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The network control node 400 having the above

construction controls channel rearrangement as will be
- described. As previously stated in relation to the illus-
trative embodiment, the rearrangement is such that the
node D information is shifted from the channel 2 to the
channel 6, the node C information from the channel 6 to
the channel 5, and the node B information from the
channel 5 to the channel 2. This is readily accomplished

- with the nXn matrix switch 604 which switches the

channels 2, § and 6 to the channels 6, 5 and 2, respec-
 tively.

65

information, and STEPS (2), (4)' and (6)' acknowledge-
ment (ACK) responsive to the link cancel information.
Referring to FIG. 8, a specific construction of each of

‘the nodes 402-410 is shown. As shown, the node com-

prises a DEMUX 702, reception channel selectors 704,
706 and 708, a transmission gate 710, a MUX 712, a
control unit 714, and a transmit/receive terminal 716.
The node shown in FIG. 8 is applicable to four-station
duplex communication as shown in FIGS. 4 and 5 and,
for this reason, furnished with three reception channel
selectors. The control unit 714 fulfills the functions of
delivering commands from the transmit/receive termi-

nal 76 to the network control node 400, and controlling

the selection of channels for transmission and reception.
The control unit 714 comprises a microprocessor and
the above-stated functions are implemented with soft-
ware.

The node having the above construction will be oper-
ated as follows. -

Data from a transmission path 718 are applied to the
DEMUX 702 to be developed in parallel channel by
channel. The data output from the DEMUX 702 are fed
to the reception channel selectors 704, 706 and 708 for
selecting a reception channel and to the transmission
gate 710 for selecting a transmission channel. The selec-
tion is controlled by the control unit 714 responsive to
selection data which are supplied from the network
control node 400. A specific construction of the trans-
mission gate 710 is shown in FIG. 9. In the duplex com-
munication between the nodes A-D of the illustrative
embodiment, the node A, for exampie, selects the chan-
nels 2, 5 and 6 by means of the reception channel selec-
tors 704, 706 and 708 so as to read information from the
nodes B, C and D, respectively. The transmission gate
710 selects the channel 2 to write the own information
therein.

Referring to FIG. 10, there is shown an exemplary
algorithm for implementing a call set-up request pro-
cessing which the network control node 400 performs
in the channel assignment system of the present inven-
tion. Flows of signals between the network control
node 400 and the nodes A-D which are associated with
the algorithm of FIG. 10 are shown in FIGS. 11 and 12.
The flow shown in FIG. 11 represents a path which
goes through STEPS 1, 2, 3, 4, §, 6, 7 and 8 of FIG. 10,
while the flow shown in FIG. 12 represents a path
which goes through STEPS 1, 2, 3, 4, 10, 11, 12 and 8.
STEPS (13)-(20) shown in FIG. 11 and STEPS
(14)-(19) shown in FIG. 12 represent call cancel request
processings which are common to each other. A call
cancel request is assumed to be generated by a particu-
lar node which has generated a call set-up request with-
out exception.

The duplex communication between the nodes A-D
of the illustrative embodiment will be described with
reference to FIGS. 10 and 11.

A call set-up request processing will be described

- first, referring to FIG. 11.
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(a) The network control node 400 receives a call
set-up request from the node A which desires to com-

municate with the nodes B, C and D, STEP (1);

(b) The control node 400 secures three idle channels
(channels 2, 5 and 6 in the illustrative embodiment) and, 5
then, returns a channel secure signal to the noe A. When

no idle channel is found, the control node 400 returns a
reject signal to the node A and finishes the processing,
STEP (2);

(c) The control node 400 sends a call set-up request
notification to the node B to inform it of the request
from the node A, STEP (3);

(d) The node B responds to the notification by notify-
ing the control node 400 whether it is idle or busy (it is
assumed to be idle for the following steps), STEP (4);

(e) The STEPS (3) and (4) are repeated on each of the
other nodes C and D, STEPS (5) and (6) and STEPS (7)
and (8); |

(f) At the STEP (8), the control node 400 has con-
firmed that all the nodes B, C and D are idle, STEP 5 of 20
FIG. 10;

(g) Before advancing to STEPS (9)-(12), the control
node 400 performs STEP 6 as shown in FIG. 10. Specif-
ically, the network control in the channel assignment
system of the present invention is characterized in that
orders of connection of all the nodes which are covered
by the loop network are stored in a table. For example,
in the loop network of FIG. 4, the nine nodes 402-410
are interconnected in a loop. Such data are stored as
shown in Table 1 below by way of example.

10
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TABLE 1
UPSTREAM DOWNSTREAM
NODE No. NODE NODE
- - 33
402
402
405 40
405 406
406 405 45
406 408
408 407 | 409 50
409 408 410 |
410 | 409 402 55

Here, numbers 403, 404, 407 and 407 are assigned to the
nodes A, B, C and D, respectively. In which order the
nodes A, B, C and D are interconnected is determined
using Table 1. Let such a connection be called a logical
loop. Tracing. Table 1, the control node 400 prepares
Table II as shown below.

60

TABLE II
%
* UPSTREAM DOWNSTREAM 63
NODE NODE NODE
m
A D B
B A C

15

TABLE II-continued
UPSTREAM DOWNSTREAM
NODE NODE NODE
C B D
b C A

Based on Table II, the control node 400 sets up a link as
described in relation to the illustrative embodiment,
STEP 6 of FIG. 10; and

(h) The control node 400 supplies each of the nodes
A-D with link set-up data, STEPS (9)-(12).

- This is the end of the call set-up processing.

Next, a call cancel processing will be described with
reference to FIG. 11.

() The node A which has generated the call set-up
request sends a call cancel request to the control node
400, STEP (13); |

(J) Responsive to the request, the control node 400
returns an answer to the node A, STEP (14);

(k) The control node 400 sends a call cancel request
notification to the node B. Then, the node B cancels its
own channel selection control, STEP (15):

(1) After the above processing, the node B returns an
answer to the control node 400, STEP (16);

(m) The STEPS (15) and (16) are repeated on each of
the nodes C and D, STEPS (17) and (18) and STEPS
(19) and (20); and |

(n) Responsive to an answer from the node D, the
control node 400 cancels the logical loop table associ-
ated with the nodes A-D.

This is the end of the call cancel processing.

Referring to F1G. 12, a control flow which will occur
when the answer at the STEP (4) shows that the node
B is busy is shown. In this case, communication is held
vetween the nodes A, C and D. Details of this particular
control flow will not be described.

It 1s to be noted that the algorithm shown and de-
scribed 1s only illustrative, that is, even an algorithm in
which the control node 400 receives a request by send-
Ing polling signals to the nodes is applicable to the pres-
ent invention.

Referring to FIG. 13, another embodiment of the
channel assignment system in accordance with the pres-
ent invention is shown. In this particular embodiment,
the system comprises a center node 800 and nodes
801-807 which are interconnected by a transmission
line 808. The nodes 801-807 are provided with channel
rearrange devices 901-907, respectively. The number of
channels available for the multi-station duplex commu-
nication between a plurality of nodes, which is based on
time division circuit switching, is smaller than that.of
the nodes by one, as previously stated. In the illustrative
embodiment, the channel rearrange devices 901-907
associated with the nodes 801-807 which are distributed
in the loop network are each constructed to logically
shift the usable channels at each time of data transmis-
ston and reception, thereby rearranging the channels.
The rearranged channels are transmitted from one node
to the next node so that, at the end of one round through
the loop, the channel rearrangement is restored to a one
before the round.

In the loop network of FIG. 13, let the nodes 801,
803, 806 and 807 be called nodes A, B, C and D, respec-
tively. The channel assignment system will be described
assuming that multi-station duplex communication is
effected between the four nodes A-D on a time division
circuit switching basis.



| 0 |
- In FIG. 13, assume that information is routed coun-
terclockwise through the loop network. In the case

" where all the four nodes A-D are conditioned for du-

plex communication, the center node 800 before the

communication secures three idle channels and informs

-each of the nodes A-D of a particular channel available
for the node and to which channels the other three
pieces of information to be received by the node have
been assigned, based on the positional relationship be-
tween the nodes A-D. A specific example is shown in
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example, in this particular embodiment, the nodes share
the common knowledge that the content of the channel

. 5is shifted to the channel 2 and that of the channel 6 to

- the channel §, while the own information may be writ-

ten in the channel 6.
In FIGS. 14B-14E, a condition of use of the channels

~at each node after the start of a communication is:

10

- FIGS. 14A-14E. In FIG. 14A, a channel arrangement
- 1s shown and comprises an overhead 900, a channel 1

designated by the reference numeral 901, a channel 2

designated by the reference numeral 902, a channel 3

designated by the reference numeral 903, a channel 4
designated by the reference numeral 904, a channel 5

designated by the reference numeral 905, a channel 6

designated by the reference numeral 906, and a channel
7 designated by the reference numeral 907.

When the group of the nodes A-D has sent a request
to the center node 800, the latter secures three idle
channels which in the illustrative embodiment is as-
sumed to be the channels 2, 5 and 6. The center node
800 notifies the node A of the fact that information from

the node B is stored in the channel 2, information from
the node C in the channel 5, and information from the

node D in the channel 6. The center node 800 also
informs the node A of the fact that the latter may write
the own information in the channel 6 after reading the
those information associated with the nodes B-D and,
then, logically shifting the node C information from the
channel S to the channel 2 and the node D information
from the channel 6 to the channel 5. Likewise, the cen-
ter node 800 informs the node B of the fact that the node
C information is stored in the channel 2 and the node A
information in the channel 6, and the fact that after
reading those information the node B may write the
own information in the channel 6 after logically shifting
the node D information from the channel 5 to the chan-

nel 2 and the node A information from the channel 6 to
the channel 5.
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Further, the center node 800 informs the node C of
the fact that the node D information is stored in the

channel 2, the node information A in the channel 5, and
the node B information in the channel 6, and the fact
that after reading those information the node C may

45

write the own information in the channel 6 after logi-

cally shifting the node A information fromm the chan-
nel 5 to the channel 2 and the node B information from

the channel 6 to the channel 5. Finally, the center node
800 informs the node D of the fact that the node A
information is stored in the channel 2, the node B infor-
mation in the channel 5, and the node C information in
the channel 6, and the fact that after reading those infor-
mations, the node D may write the own information in
the channel 6 after logically shifting the node B infor-
mation from the channel 5 to the channel 2 and the node
C information from the channel 6 to the channel 5.
- The procedure for setting up each duplex communi-
cation link in accordance with the channel assignment

system of the present invention is characterized in that -

the only information which has to be supplied to each of
the participant nodes is to which channel the pieces of

‘information from the other three modes, which should

be received by the particular node, have been assigned,
the logical shifting operations and write channels being -
implemented with common information. Such a proce-
dure, therefore, is suitable for distributed control. For
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shown. The reference numerals 908-911 designate re-

spectively read lines to the nodes A-D, while the refer-

‘ence numerals 912-915 designate respectively write

lines from the nodes A-D. Further, the reference nu-
merals 916-923 designate logical channel shifting opera-
tions which are performed at the respective nodes.

It will be seen from the foregoing description taken
with FIGS. 14B-14E that the node A shifts the node C
information from the channel 5 to the channel 2 and the

node D information from the channel 6 to the channel §

to delete the node B information, and writes the own
information in the channel 6 which is then idle. Like-
wise, the node B deltes the node C information, the
node C deletes the node D information, and the node D
deletes the node A information. This is possible due to
the topology of a loop. Specifically, conceming the
node A, the node B information from the node B is read
by the nodes C and D before reaching the node A, that
is, the node A is the last node to read the node B infor-
mation. Hence, deleting the node B information by
shifting another node information to the channel 2
which has stored the node B information does not give
rise t0 any problem.

Next, the channel shifting function assigned to the

channel rearrange devices 901-907 of the nodes

801-807 will be described. As previously mentioned, in
the examples of FIGS. 14A-14A, the channel shifting
function shared by the nodes A-D is shifting the con-
tent of the channel 5 to the channel 3 and that of the
channel 6 to the channel 5.

The channel assignment system of the illustrative
embodiment effects multi-station duplex communica--
tion between a plurality of nodes using channels which
are smaller in number than the nodes by use. The
prerequisite with such a system is that information sent
from a certain node be deleted at the last node on the
transmission loop and, when returned to the own node
after a round, the information associated with the other
three nodes be in the same channel assignment as before
the round. The channel shifting function of the channel
rearrange device at each node is characterized by the
fact that each node on the loop deletes the information
and fixes the channels by a distributed control basis.
Specifically, as clearly understood from the example of
FI1GS. 14A-14E, information transmitted from a certain
node 1s necessarily written in the channel 6 and neces-
sarily logically shifted one channel on the three particu-
lar channels in the same direction at each time of data
transmission and -reception at the other three nodes.
Hence, in the cyclic transmission system, or loop, infor-
mation sent from the own node is always deleted at the

immediately preceding node and, further, the channels

after one round are necessarily in the same arrangement
as before the round. |

In summary, it will be seen that the channel assign-
ment system in accordance with the first embodiment of
the present invention fulfills duplex communication
between a plurality of participant nodes using channels
which are smaller in number than those of the prior art
system by one, thereby enhancing efficient utilization of
the system. Furthermore, since each of the nodes is
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capable of transmitting and receiving information by
use of fixed channels, it is needless for any of the nodes
to perform extra controls over the channels. That is, it
1s only the network control node that has to perform
controls.

The channel assignment system in accordance with
the second embodiment of the present invention also

fulfills duplex communication between a plurality of

participant nodes using channels which are smaller in
number than those of the prior art system by one,
thereby enhancing efficient utilization of the system. In
addition,. even if a plurality of communication links
exist, that is, a plurality of node groups for multi-station
duplex communication exist, the fact that the channel
arrangement is effected on a distribution basis in the
links eliminates concentration of loads as would occur
In a system wherein a single control node is used for
centralized control and allows loads to be distributed.
Various modifications will become possible for those
skilled in the art after receiving the teachings of the
- present disclosure without departing from the scope
thereof.

What is claimed is:

1. A communication network comprising:

a plurality of nodes connected in series with one
aother in a single loop communication system in
which information from a node is transmitted to
other nodes using a time division channel switching
method, and

a network control node connected in said single loop,
said network control node including means for
rearranging channel assignments by cyclicaily
shifting the channels after every round through
said single loop, said channel assignment rearrang-
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Ing means operative for rearranging channel as-
signments on a number, n, of channels smaller in
number than a number, N, of nodes communicating
with each other such that n=N—1, where n and N
are Integers and N is greater than 2,

wherein N—1 channels are assigned upon establish-
ment of communication between N nodes, where
information from each node is simultaneously
transmitted to the remaining N—1 nodes by using
said N—1 channels on said loop system.

2. A communication network comprising:

a plurality of nodes distributed in a single loop com-
munication system in which information from a
node 1s transmitted to other nodes using a time
division channel switching method, each of said
nodes including channel rearranging means for
controlling channel assignments, and

each of said channel rearranging means operative for
rearranging channel assignments on a number, n, of
channels smaller in number than a number, N, of
nodes communicating with each other such that
n=N-—1, where n and N are integers and N is
greater than 2, |

wherein N—1 channels are assigned upon establish-
ment of communication between N nodes, where

~information from each node is simultaneously
transmitted to the remaining N— 1 nodes by using
said N—1 channels on said loop system.

3. A multi-station duplex communication network as

recited in claim 2, further including center node means
for selecting idle channels and controlling channel as-

signments after each round through said loop.
* % x R *
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